Meta-GGA calculations of the ambient and high-pressure polymorphs of silver difluoride indicate that the compression-induced structural changes lead to a 3.5-fold increase in the strength of antiferomagnetic spin-spin interactions resulting in coupling constant values higher than those found for record-holding oxocuprates(II).
connected by short Ag-F bonds and bridged by a single F-atom, that is the interactions should be considerable only for SE paths within sheets (LP, HP1) or nanotubes (HP2), and much weaker for intersheet and inter-tube interactions. This is indeed what is found in our calculations, as will be shown below.
As shown in Fig. 1a for LP there is only one type of SE route within the [AgF 2 ] sheets; we mark it (and the corresponding SE constant) as J 2D . For the HP1 structure alternation in the values of the Ag-F-Ag angles and Ag-F bond lengths leads to two paths: J' 2D and J'' 2D (Fig. 1b) . Finally there are three distinct SE paths within the nanotubes of HP2: J' t , J'' t , and J''' t (Fig. 1c) .
In Fig. 2a we present the sum of the Ag-F bond lengths along the respective coupling paths, R Ag-F-Ag (structural data is taken from ref. 6). The variation in R Ag-F-Ag does not exceed 0.1 Å (<3%) up to pressures of 40 GPa, which is a manifestation of the rigidity of the Ag-F bond. 3,9 More pronounced changes are found for the angle of the Ag-F-Ag bridge (α Ag-F-Ag , Fig. 2b properties of transition metal compounds, 17 in particular spin-spin coupling constants. 18 Importantly, SCAN was found here to well reproduce the experimental intra-sheet coupling constant (J 2D ) of the LP structure of AgF 2 at ambient conditions (theor.: -71 meV; exp.: -70 meV).
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Our results confirm the 2D AFM nature of the LP structure at ambient and elevated pressures ( Fig. 3a and ESI Fig. 1a ) with the absolute value of J 2D being an order of magnitude larger than the inter-sheet interactions (Fig. 2c) . § Upon compression the intra-sheet AFM interaction becomes weaker (J 2D changes from -71 meV at 0 GPa to -55 meV at 7 GPa) due to the bending of the Ag-F-Ag bridge (Fig. 2b) . This contrasts the high-pressure behaviour of the layered oxocuprates(II) where compression leads to an increase of the 2D AFM interactions due to bond compression at no additional layer puckering.
19-21
The alternation in the Ag-F-Ag bridge angle upon the LP-HP1 transition at 7 GPa leads to two different values of the coupling constants with the more negative one (J' 2D ) associated with a SE route via the more linear Ag-F-Ag bridge. Upon compression α Ag-F-Ag along this route exhibits little change and consequently J' 2D remains nearly constant at ca. -75 meV. In contrast the pressure-induced decrease of α Ag-F-Ag for the J'' 2D SE route leads to considerable weakening of the AFM interaction in this direction. In fact at 15 GPa J'' 2D becomes slightly positive (0.5 meV) and comparable in strength to the inter-sheet interactions ( Fig.   2c ). At this point the structurally 2D HP1 phase can be described as magnetically 1D as J' 2D becomes the dominant SE interaction and forms a zig-zag 1D AFM chains running along the crystallographic b direction (ESI, Figure 1b ). The main driving force behind the magnetic dimensionality reduction are the changes in the angles of the Ag-F-Ag bridge which determine the hopping matrix elements between the different orbitals. This is most clearly seen in Fig. 3a (Sr 2 CuO 3 , J 1D = -241 meV). 27 It is also higher than those found for the majority of F-bridged magnetic systems, 28 with the exception of AgFBF 4 (1D system). 
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Notes and references ‡ Calculations, utilizing the SCAN functional, 5 were performed with the projector-augmented-wave (PAW) method, as implemented in the VASP 5.4 code. Valence electrons (Ag: 4d, 5s; F: 2s, 2p) were treated explicitly, while standard VASP pseudopotentials (accounting for scalar relativistic effects) were used for the description of core electrons. The cutoff energy of the plane waves was set to 800 eV, a self-consistent-field convergence criterion to 10 −6 eV, Gaussian smearing width to 0.05 eV, and the k-point mesh was set to 2π × 
Calculations details
In the present study we have used structures of AgF 2 polymorphs derived from DFT+U calculations performed in ref.
6. The supercells of the LP, HP1, and HP2 polymorphs used in this study are given, for selected pressures, at the end of this document.
Magnetic Interactions
Our propose here is to illustrate with a simple analytical model the origin of the strong angular dependence found in the main text, and the sign and order of magnitude of the interaction in the different configurations. We consider an Ag-F-Ag bridge. The exchange interaction can be computed using perturbation theory in the hopping matrix elements. We take the same setting as in Ref. 4 with one 2 − 2 in each Ag and two orbitals in the bridging F: ∥ , oriented parallel to the Ag-Ag direction and which is oriented perpendicular to the Ag-Ag direction but parallel to the triangle formed by the Ag-F-Ag complex. Since most parameters are not known we take only a minimal set of parameters different from zero to illustrate the main trends. The dependence on the angle of the bridge is determined by the hopping matrix elements ∥ between ∥ and 2 − 2 and between and 2 − 2 which can be parameterized in terms of Slater-Koster 25 integrals as ∥ = sin(α/2) and = cos(α/2). Here is the hopping matrix element for a straight bond. In addition there is a dependence of the hopping matrix element on the Ag-F distance which can be parameterized as ~1/ 4 . Due to the small changes in bond length with pressure, the correction due to this effect is much less relevant and will be neglected in the present simplified treatment. Therefore, all the computations are done keeping the the same for all bond lengths. The magnetic interaction is computed as the energy difference between the singlet and the triplet in the Ag-F-Ag system and reads, = (2) + (4, ) + (4, ) , where (2) ∝ ∥ 2 is a ferromagnetic contribution due to direct exchange, ∥ > 0 between the 2 − 2 and the ∥ orbital,
2 is the superexchange antiferromagnetic contribution, contribution was neglected. In Fig. 3a of the main text we compare these perturbative expressions with the results obtained with the full DFT solution. As a reference parameter set we took, ∥ = 0.07eV, = 0.7eV for Hund's interaction among orbitals, = 2.7eV for the charge transfer energy, = 9.4eV ( = 4eV) for the Hubbard interaction on Ag (F) and = 1.15eV.
We see from Fig. 3a of the main paper that the superexchange contribution, (4, ) , is in general dominant except close to = 90° where it vanishes. Around this angle the sign of the magnetic interaction gets reversed due to the direct exchange contributions and in agreement with GoodenoughKanamori-Anderson rules.
(4, ) appears at fourth order so it is a much smaller contribution than (2) and vanishes in the case of a straight bond where only ∥ is relevant. For (2) , we only took into account the direct exchange interaction with the ∥ orbital. A more accurate treatment would consider the direct exchange with both orbitals and the angular dependence of the 's matrix elements.
The parameters used are similar but not equal to the ones of Ref. 4 which were optimized only for zero pressure. There is considerable freedom for the choice of parameters. For example, practically an equally good fit of the DFT data is obtained with = 6eV and = 1.1eV. A more realistic computation would take into account also four-ring exchange processes that are expected to be important in covalent materials. Also, an accurate parameterization would require to take into account the effects of other orbitals which, however, would jeopardize our intention to get a simple understanding of the trends. With these caveats, we see that the general trends of the DFT computation are reproduced and the main microscopic matrix elements giving rise to the interactions are identified.
Magnetic Topology
In order to discuss the possible magnetic ground state of the system it is useful to identify the motifs formed by the more relevant superexchange paths identified.
For the LP phase, layer directions are equivalent from a magnetic point of view so in a first approximation the system can be described by the two-dimensional Heisenberg antiferromagnet within layers ( Supplementary Fig. 1a ) with weak coupling among layers. The ground state has robust 2D antiferromagnetic order inside the layers which becomes long-range three-dimensional order below the Néel temperature. Neglecting spin-orbit coupling the magnetic excitation spectrum is gapless due to acoustic spin-wave modes.
Supplementary Figure 1:
Magnetic lattices corresponding to the AgF2 polymorphs shown in Fig. 1 of the main text. The structure can be seen as formed by sheets in LP phase(a) zig-zag chains in HP1 (b), and ladders in HP2 (c).
For the HP1 phase, two non-equivalent paths appear within the layers forming a zig-zag pattern ( Supplementary Fig. 1b ). Lowering the temperature the system is expected to show 1D quasi-long range order along the J' 2D zig-zag chains at high temperatures which becomes more 2D as the temperature is lower and finally 3D long-range antiferromagnetic order below the Néel temperature. Close to the critical pressure to the HP2 phase the J'' 2D coupling vanishes and the system becomes effectively 1D at all temperatures. The ground state is gapless unless a dimerization and a further lowering of symmetry (not considered here) occurs.
For the HP2 phase, the J'' t chains can be seen as the legs of a ladder. We conventionally take J' t as being the rungs of the ladder by a fictitious displacement of one leg respect to the other. With this setting J''' t forms "diagonal" rungs (Fig. 3c) . The ground state consists of 0D singlets defined on the rungs of the ladder 22 and remains gapped up to zero temperature unless weaker couplings among ladders drive 3D antiferromagnetic order at low temperature. Given the large difference in values of the interactions we think the 0D-singlet ground state scenario is more likely.
Effect of spin-orbit coupling
The effect of spin orbit coupling was analyzed using the GGA+U method (U=5eV) as implemented in VASP. We checked that the ordering of the phases is not altered respect to SCAN meta-GGA without spin-orbit coupling.
Supplementary Figure 1 shows the magnetic structure of the LP polymorph. The figure setting reproduces 
Ag2ZnZr2F14 reference system
Ag 2 ZnZr 2 F 14 was chosen as a reference system due to the presence of planar [AgF 4 ] 2-units connected via a single F atom bridge forming Ag 2 F 7 3-dimers with straight Ag-F-Ag bridges in its crystal structure (Supplementary Figure 3) . 23 We have evaluated the superexchange coupling constants within the dimers (J, Fig. 3a) , as well as along two inter-dimer routes (J i1 , Fig 3b, J i2 , Fig 3c) . The Ag···Ag distances along the J, J i1 , and J i2 routes are 4.03 Å, 3.97 Å, and 5.60 Å, respectively. Apart from these contacts there are no other Ag···Ag distances shorter than 5.8 Å. The J i1 and J routes form a honeycomb-like lattice (Fig. 4a) , while J i2 connects the dimers into a square lattice (Fig. 4b) . The SE routes not taken into account in this analysis are J i3 (Fig 4c, Ag···Ag distances of 5.82 Å) which connect the dimers into chains, and J i4 (Fig 4d, Ag····Ag distances of 6.64 Å) through which ladders are formed. As shown below already the J i1 and J i2 constants are small (absolute values smaller than 0.5 meV), and one should expect J i3 and J i4 to be negligibly small. Figure 3 ; E nm denotes the part of the total-energy of the system which is independent of the spin state. The coupling constants were extracted with the broken symmetry method through equations given in Supplementary where J 1 is the intra-dimer coupling constant and J 2 and J 3 are inter-dimer couplings. From the above one can see that:
Supplementary
From for the U parameter in the DFT+U method equal from 2 to 6 eV. This gives intra-dimer coupling constants in the range from -587.4 to -319.3 meV. The latter value, which corresponds to a more realistic U value in the case of silver(II) compounds, is close to that computed in the present work.
Coupling constant calculations for LP, HP1, and HP2
For the LP polymorph (Fig. 5a) we have evaluated the intra-sheet coupling constant (J 2D ) and two intersheet ones (J i1 , J i2 ) as shown in Fig. 5b . In case of the HP1 polymorph the basic cell is analogous to that of LP (Fig. 5a/5c ), but due to the alternation in the Ag-F-Ag angle there are two intra-sheet couplings (J' 2D and J" 2D ). The inter-sheet SE also split into pairs (J' i1 /J" i1 and J' i2 /J" i2 ), but given their small value we have evaluated only their mean, that is
The corresponding equations are given in Table 3 .
Supplementary Table 3 . Magnetic states of HP1-AgF 2 and their energy. Spin up/down sites are indicated with a +/-sign, site labelling follows that of Supplementary Figure 5c , except for the F7 state which is depicted in Supplementary Figure 6 ; E nm denotes the part of the total-energy of the system which is independent of the spin state. Table 3 ). Spin up/down sites are marked with blue/red balls. 
Structures in VASP format
Below we give the structural information (in VASP format) for the supercells of LP (at 4 GPa), HP1 (at 12 GPa), and HP2 (at 30 GPa) which were used in the calculations. The lattice constants and the fractional coordinates are taken unchanged from our previous work (Ref.6 in the main paper) -in that work they have been taken from DFT+U calculations which were then used to propose various polymorphic forms to be tested in Rietveld fits to experimental data. 
